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Trace Gas Air Quality Products from OMI and TROPOMI

Melanie Follette-Cook and Pawan Gupta

Application of Satellite Observations for Air Quality and Health Exposure, Oct 9 and 11, 2019
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Learning Objectives

By the end of this presentation, you will be able to:
» Describe existing satellite capabilities for global observations of several trace gases

« Describe current data products available from the Ozone Monitoring Instrument
(OMI) and the TROPOspheric Monitoring Instrument (TROPOMI)

« |dentify various air quality monitoring applications utilizihg OMI NO, observations
 |dentify where and how to download OMI| and/or TROPOMI data

..- - NASA's Applied Remote Sensing Training Program 2 v
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What do Satellites Measure?

 Remote sensing: collecting
information about an object
without being in direct
physical contact with it

* The intensity of reflected
and emitted radiation to
space is influenced by the
surface and atmospheric
conditions

« Satellite measurements
contain information about
the surface and
atmospheric conditions

NASA's Applied Remote Sensing Training Program
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Measuring Trace Gases from Space

« Satellites detect backscattered UV,
visible, and/or emitted thermal
radiation

Scattered or
emitted N
radiation < h
/
detected by \/ \

« We know the distinct absorption satellite /

spectra of each frace gas

\

« We can identify a “spectral fingerprint”
for each atmospheric constituent

« Retrieval algorithms (a model) infer

physical quantifies such as number /
density, partial pressure, and column \ /
amount /

h NASA's Applied Remote Sensing Training Program
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Vertical Distribution

OMI NO, (x10'> molec/cm?)

102 103104 105

« Very little information can be obtained e
on the vertical distribution of trace Tee =
gases in the tfroposphere from a nadir ”Ig%ggp |“’

« Some information on vertical ) - )
distribution can be inferred by taking | i
the alfitude of the trace gas source 0.0 T ——
and its lifetfime into account e e

« Examples: HIEES==mmeee==—c—oIN
— NO, is short-lived and primarily @l\?@{%mwv\, Io.,

emitted from fossil fuel combustion s "3”*43»1f - =28
(e.q., cars, power plants), so most a.al Bise—==c
NO, is found near the surface

105 106 107 108

m
0.0 0.7 1.4 2.1 2.8
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Data Formats & Resolutions I :

Data Level Description
Level O Raw data at full instrument resolution
Raw data that have been time-referenced and supplemented with
information such as radiometric and geometric calibration coefficients and
Level TA :
geo-referencing parameters. These are computed and appended, but not
applied to Level O data.
Level 1A data that has been processed to sensor units (not all instruments
Level 1B
have Level 1B source datq)
Level 2 Derived geophysical variables at the same resolution and location as Level 1
source data
Level 2G & 3 Variables mapped on umform space-time grid scales, usually with some
completeness and consistency
Model output or results from analyses of lower level data (e.g. variables
Level 4 . )
derived from mulfiple measurements)

h NASA's Applied Remote Sensing Training Program 6 \omi
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Trace Gases: Using Level 3 vs. Level 2 Data

« Advantages
— Uniform grid
— One file per day
— Smaller sized files
— Quality flags and filtering criteria have been applied

 Limitations
— Can be coarser resolution than L2
— L2 observation typically at the same location as the L1 source data

H - NASA's Applied Remote Sensing Training Program 7
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Ju l
Spatial Resolution: Trace Gases |

 Spatial resolution of current satellite instruments (10s to <10 km diameter)

— good enough to map fropospheric concentration fields on local o regional
scales

— fine enough to resolve individual power plants and large cities

« For species with short atmospheric lifetimes (e.g. NO,), averaging over larger
satellite pixels can lead to significant dilution of signals from point sources,
complicating quantitative analysis and separation of emission sources

« For quantitative analysis: Level 2 and high resolution gridded Level 3 data are
optimal

v Source: Richter, 2 QAT
.- . NASA's Applied Remote Sensing Training Program 8
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Perspective...

a )
MI KNMI

Spatial Resolution

lmagby Pepijn Veefkind, KNMI [ Imagy Pepijn Veefkind, KNMI

OMI 24x13 km? Approx. GOME-2 72x39 km?

Mexico City, Jan. 20, 2005

NASA's Applied Remote Sensing Training Program 9
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TROPOMI: Impact of Resolution November 28, 2017

TROPOMI NO,
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TROPOMI data courtesy of ESA S pOTlOl RGSO'U“OH
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OMI Detects NO, Changes in Pollution Over Time
2005 - 2016

NASA's Applied Remote Sensing Training Program
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OMI Detects NO, Increases from ONG Activities

i Sre- TR SEGaS

| 2005-2014
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B
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Temporal Variations

 Satellite observations can also be used
to detect potential short ferm and
unexpected changes in trends, such as
reductions in activity due to:

e €CONOMIC recession

» natural disasters (e.g., Hurricane
Katrina)

 policy interventions (e.g., Beijing
Olympics)
« Civil unrest NO, Trends from OMI
Damascus: -37.1 £ 10.9%
Aleppo: -40.2 £ 13.6%

(1] 3% $0 ar
OMI tropospheric NO, (2014)
4

00 09 1.8 27 36 45 54 64 x10"[molec.cm’) -3.7 22 07 07 22 3.7 x 10" [molec. cm?)

Image credit: Figure 11 from Duncan et al. 2016

NASA's Applied Remote Sensing Training Program
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Temporal Variations

« Examine finer temporal
emissions cycles
— Weekly cycles
— Seasonal cycles of different
sources

« Anthropogenic — Winter
 Soil — Summer

* Biomass Burning — Dry
Season

Image credit: Figures 3, 5, and 7 from van der A. et al. 2008

NASA's Applied Remote Sensing Training Program

Anthropogenic

Biomass Burning

month of maximum NO, concentration

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

NO, [10'® molec./cm?]

7]

Anthropogenic [0-10] Soil[0-5] Biomass [0-5] Lightning[0-5] Undefined



https://arset.gsfc.nasa.gov/

Model-Satellite Inter-Comparison

CMAQ Model NO,

g

s 55
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OMI Trends in NO, Correlate Well With Surface Trends

RN

OM!I tropospheric NO,, VCD [10™ molec. cm™]
0.1 0.9 1.8 o By o 3.6 4.5 54

\
L

'\

Image credit: Lamsal et al. (2015)
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Estimating Surface NO, From the Tropospheric Column I :

NO, Tropospheric Column

OMI Tropospheric NO2 Column (10‘5 molec cm'2)

Satellites measure backscattered radiation,
from which vertical column densities can be
calculated

Courtesy of Randall Martin
NASA's Applied Remote Sensing Training Program
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Estimating Surface NO, From the Tropospheric Column

QSatellite

QModel

VSModel

VQpoder — (V — 1)Qpr (Model)
Lamsal et al. (2008)

S — .Q.Satx

Use vertical information from
an atmospheric chemistry S = Surface Concentration

model to estimate the O =T heric Col
relationship between the ~ lropospheric Lolumn

column and the surface FT = Free Troposphere

Courtesy of Randall Martin

NASA's Applied Remote Sensing Training Program
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Ground-Level Afternoon NO, Inferred from OMI for 2005

Spatial Correlation '
vs In Situ for North
America = 0.78

1 5 1 1.5 2 2.0 3 3.5 & 4.5 S
NO,, [ppbv]

Note: this is a research product and not an official NASA product

Source: Lok Lamsal

NASA's Applied Remote Sensing Training Program
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Satellite-Based Surface NO, Datasets

http://fizz.phys.dal.ca/~atmos/martin/2page id=23

2

Time Period 1996-2012 2005-2007 2005-2016
. Annual Mean
Avallable AnnuoI. Mean, 3-¥r (North America and Monthly Mean
Product Running Mean
global)
GOME, SCIAMACHY,

Instruments GOME-2 OMI OMI
Overpass Time ~9:30-10:30 ~13:30 ~13:30
Ao 0.1°x0.1° 0.1°x0.1° 0.1°x0.1°
Resolution
Reference Geddes et al. (2015) Lamsal et al. (2008, 2010)

hitps://sedac.ciesin.colu https://avdc.gsfc.nasa.

bia.ed '

Website mbia.edu/ gov/pub/data/satellite

/Aura/OMI/V0O3/L4/OMI
Surface NO2/Monthly/

H . NASA's Applied Remote Sensing Training Program
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https://ehp.niehs.nih.gov/1409567/
http://fizz.phys.dal.ca/~atmos/publications/Lamsal_2008_JGR.pdf
http://fizz.phys.dal.ca/~atmos/publications/Lamsal_2010_JGR.pdf
https://sedac.ciesin.columbia.edu/
https://avdc.gsfc.nasa.gov/pub/data/satellite/Aura/OMI/V03/L4/OMI_Surface_NO2/Monthly/
http://fizz.phys.dal.ca/~atmos/martin/?page_id=232

Satellite-Derived Surface NO, Used in Health Applications

 Anenberg et al. (2018) used annual
average surface NO,, along with
annual average PM, : and annuadl
average ozone from a model

« Used to estimate the number of global
asthma-related emergency room Visits
due to PM, 5, O;, and NO, exposure

« Noted that NO, impacts are likely
underestimated because of the
relatively coarse OMI resolution

Image credit: Anenberg et al. 2018

NASA's Applied Remote Sensing Training Program
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Global Pollution Monitoring Constellation (2020-2022) I :

Policy-relevant science and environmental services enabled by common observations

* Improved emissions over
industrialized Northern Hemisphere

* Improved air quality forecasts and
assimilation systems

* Improved assessment, e.g.,
observations to support the United
Nations Convention on Long Range | 4 -

. . -180 -150 -120 -90 -60 -30 0O 30 60 90 120 150 180
Transbboundary Air Pollution Longitude

Image Credit: Courtesy Jhoon Kim, Andreas Richter
NASA's Applied Remote Sensing Training Program
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OMI and TROPOMI



OMI vs TROPOMI I :

____om | TROPOM

AuUra Satellite Sentinel-5P
July 2004 Launched Oct 2017
eSS nsment "o ewing moging
264 — 504 nm Speciral Range 270 nm - 2.3 um
(UV/VIS) (UV/VIS/NIR/SWIR)
0.42-0.63 nm Specftral Resolution 0.55 nm
7 x 3.5 km?
13x24 km? at nadir Spatial Resolution 7/ x 28 km? (UV1 band)

7/ X 7 km? (SWIR bands)

Daily Global Coverage Daily
NASA's Applied Remote Sensing Training Program
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Spatial Resolution

OMI Troposphenc Column NO, TROPOMI Troposphenc Column N02

; @ Nov 22, 2017

tropospheric vertical column of nitrogen dioxide (10A-6 mol m-2)

] )

0 4 8 12 16 20 0 66 133 199 266 332
Data Min = -E Max = 39 Data Min = -15403, Max = 1582

tropospheric vertical column of nitrogen dioxide (10215 molecules cm-2)

<

Sentinel-5 Precursor and the upcoming Sentinels for monitoring atmospheric Composition. (2018, October). Presented at the CAMS 3rd General Assembly, Lisbon, Portugal. Retfrieved from
https://atmosphere.copernicus.eu/sites/default/files/2018-11/2 Zehner S5p CAMS 18.pdf

NASA's Applied Remote Sensing Training Program
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Similar measurement strategies

2-dimensional CCD

swath == wavelengthi)
. .
~ 530 pixeks ~ 780 pixels

flight direction
» 7 kmfsec

vieaving angle

2600 km

(2 sec. flight) @ Dutch Space

NASA's Applied Remote Sensing Training Program

The TROPOMI Measurement Principle

Across track (swath)

Wavelengths

~7km 4
(1s flight) 7/'

~2600 km

Courtesy of Pepijn Veefkind, KNMI, The Netherlands
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Data Granule

* Product File

— covers sunlit portion of the orbit with an approx. 2,600 km wide swath
— contains 60 binned pixels or scenes per viewing line

* 14 or 15 granules are produced daily, providing fully contiguous coverage

of the globe

2-dimensional CCD

binned + co-added

to 13724 lon groundpixels™
T swzth wavelengtha))

~ 5280 pixek ~ 780 pixels

flight direction
» 7 kmisec

wvieaving angle
- 57 deg

13 km
(2 sec. flight)

2600 km

NASA's Applied Remote Sensing Training Program

—

@ Dutch Space

OMI-Aura_L2-OMNO2_2008m0720t2016-021357_v003-2008m0721t101450.he5
Effective cloud fraction NoUnits
1

0.9
0.8
F oz

28
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Effect of the OMI Row Anomaly

« Began in 2007 with only two rows

« Grew until 2012, at which point was affecting almost 50% of the data
« Affects all OMI products

OMI Tropospheric Column NO,

AUgUST o, 2005

August 5, 2015
s B g P o5

! |
. NASA's Applied Remote Sensing Training Program
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Products from OMI vs TROPOMI
-ﬂ-__

Tropospheric and Swath, gridded (0.25° Swath
Total Column NO, and 0.1°) eirel o MO (7 knn x 3.5km)
Swath, gridded Swath
Total Column SO, (0.25°) Total Column SO, (7 X 3.5 km)
Swath
Aerosol Index Swath Aerosol Index (7 x 3.5 km)
Swath, gridded Swath
Total Column HCHO 0.1°) Total Column HCHO (7 X 3.5 km]
Tropospheric and Gridded Tropospheric and Swath
Total Column Os (0.25°) Total Column O4 (7 x 3.5 km)
Aerosol Layer Height Not released
Carbon Monoxide Swath
(CO) (7 km x 7 km)
Swath

Methane (CH,) WARTbARm]
H [ | NASA's Applied Remote Sensing Training Program
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Data Access

NASA — Earthdata ESA — Copernicus Open Access Hub
hitps://earthdata.nasa.gov/ hitps://scihub.copernicus.eu/

¥ EARTHDATA

ABOUT DATA COMMUNITY RESOURCES

Welcome to the Copernicus Open Access Hub Reports & Stats

Data updated hourly

The Copernicus Open Access Hub (previously known as Sentinels Scientific Data Hub) provides complete, free and open access to
Sentinel-1, Sentinel-2, Sentinel-3 and Sentinel-5P user products, starting from the In-Orbit Commissioning Review (IOCR). ﬁ
38,463

Sentinel Data are also available via the Copernicus Data and Information Access Services (DIAS) through several platforms .

prod. published in the last 24h
@ Please visit our User Guide for getting started with the Data Hub Interface. Discover how to use the APIs and (51 52+ 53 + S5F)
( ’ create scripts for automatic search and download of Sentinels' data.

Latest update: see the section on Long Term Archive for the upgrade of the interfaces for access to offline data. ‘ 139 076
1
H

downloads in the last 24h

(SciHub + APT Hub +
5-3 Pre0ps + S-5P Pre0ps)

Reports
) o X % B~
Open Hub API Hub S-3 Pre-Ops S-5P Pre-Ops m

For further details or requests of support please send an e-mail to eosupport@copernicus.esa.int

ACCESS NASA EARTH SCIENCE DATA

NASA's data policy ensures that all NASA data are available fully, openly, and without restrictions. FIND DATA VISUALIZE DATA
Here's what this means to you.

NASA's Applied Remote Sensing Training Program
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